Introduction
Colorectal cancers (CRCs) are the fourth leading cause of cancer death in Korea, and the number of patients dying of CRC is increasing steadily [1] . One half of all patients develop metastatic disease. With advances in systemic therapy for metastatic CRC, the survival of these patients has been prolonged up to 6 months with fluorouracil (FU), irinotecan and molecular targeted agents, and if untreated up to more than 20 months [2] [3] [4] [5] [6] [7] . However, most patients develop resistance to these therapies and experience disease progression. Despite progression in the face of treatment with these currently acceptable cytotoxic chemotherapy and/or biologic agents, a considerable portion of patients still survive with good performance status (PS). Unfortunately, these refractory patients have few additional treatment options.
Regorafenib, an orally administered multikinase inhibitor, is administered on a continuous dosing schedule and exhibits non-specific binding to several intracellular kinases with potent inhibitory activity against vascular endothelial growth factor receptors 1-3 (VEGFR1, VEGFR2, and VEGFR3), PDGFRB, FGFR1, RAF, and TIE2, and the mutant oncogenic kinases KIT, RET, and BRAF [8] . Clinical trials assessing regorafenib in the treatment of CRC, gastrointestinal stromal tumors, lung cancer, renal cell carcinoma, and hepatocellular carcinoma are underway [9] [10] [11] [12] . In a phase I extended cohort clinical trial, single-agent regorafenib was associated with stable disease in 19 of 27 assessable patients with heavily pretreated CRC [13] . A recent phase III trial (CORRECT) demonstrated an improvement in overall survival (OS) among regorafenib-treated patients in comparison to those randomized to receive best supportive care after progression on standard therapy (6.4 months vs. 5.9 months, respectively) [14] . However, the CORRECT cohort included only a small portion of Asian patients (15%), and it did not enroll a single Korean patient. There is a known ethnic difference with regard to both drug sensitivity and tumor prognosis. Therefore, though regorafenib showed clinical benefit and tolerable toxicities in a global phase III trial, the effectiveness of regorafenib in Korean patients should be verified in clinical practice in Korea.
The objective of this study was to evaluate the clinical benefit and tolerability of regorafenib monotherapy in Korean patients with metastatic CRC that failed standard treatments, including FU, oxaliplatin, and irinotecan with or without biologic agents.
Materials and Methods

Study population
Between August 2013 and September 2013, 32 Korean patients with refractory CRC received regorafenib monotherapy as salvage treatment at three centers in Korea. All patients had previously received progressed FU, irinotecan, and oxaliplatin with or without biologic agents such cetuximab or bevacizumab. The case inclusion criteria were as follows: (1) age over 18; (2) pathologically or cytologically proven metastatic CRC; (3) adequate bone marrow, liver, and renal function; and (4) life expectancy of at least 3 months. All participants provided written informed consent before starting regorafenib.
Chemotherapy
Patients were randomized to receive oral regorafenib 160 mg once daily for the first 3 weeks of each 4-week cycle until disease progression, death, unacceptable toxic effects, or withdrawal of consent. Patients were followed up every week during the first two cycles then every 2 weeks from cycle 3. Prespecified dose reductions (to 120 or 80 mg) and delay of the following cycle (up to 28 days) were allowed for management of adverse events. If the patients required an additional dose reduction to 80 mg or a delay of more than 28 days between cycles, regorafenib treatment had to be stopped.
Assessments
Tumor response was routinely assessed with computed tomography scan every two cycles. The response was evaluated using a method identical to that used in Response Evaluation Criteria in Solid Tumor (RECIST) ver. 1.1. Toxicities were assessed according to the National Cancer Institute Common Toxicity Criteria ver. 3.0.
Statistical analyses
We retrospectively analyzed the treatment outcomes of regorafenib monotherapy in patients with metastatic CRC who had previously received standard chemotherapy with or without biologic agents. Descriptive statistics were calculated as proportions and medians. Treatment outcomes were estimated as the response rate, progression-free survival (PFS), OS, and toxicities. The response rate was determined according to RECIST ver. 1.1. PFS was defined as the time from the first study treatment to the date of disease progression. OS was calculated from the first study treatment until death. The survival data were assessed using the KaplanMeier method. We also computed the 95% confidence interval (CI) for the median time to event, and the efficacy analysis was based on the intent to treat group.
Results
Patients
Between August 2013 and September 2013, we enrolled 32 patients from three institutions. Patient baseline characteristics are shown in Table 1 . The median patient age was 57 years (range, 29 to 79 years), and there were 20 males and 12 females. The median Eastern Cooperative Oncology Group (ECOG) PS was 1 (range, 0 to 2). The primary tumor site for most patients (65.6%) was the colon. There were 18 patients with KRAS wild-type disease and 13 of them had previously received cetuximab-containing therapy. Bevacizumab was used in 18 patients. The time from the initial diagnosis of metastatic or recurrent disease was greater than 25 months in 24 patients (75%).
Response
Response outcomes are listed in Table 2 . The response evaluation was performed in the intent-to-treat group. None of the patients showed a complete response and a partial response was noted in only one patient (3.1%). Fifteen patients showed stable disease and 13 patients experienced disease progression. Disease stabilization was achieved in 50% of patients.
Survival
All 32 patients were included in the survival analysis on an intent-to-treat basis. The median PFS was 4.2 months (95% CI, 3.1 to 5.2 months) (Fig. 1) . No difference in PFS was On or after diagnosis of metastatic disease. 
Toxicity
Overall, 16 of 32 patients (50%) treated with regorafenib had an adverse event leading to a dose reduction. Toxicityprofiles are shown in Table 4 . The most frequent adverse events of grade 2 or more were hand-foot skin reactions (25%) and mucositis (19%). Grade 3 or 4 treatment-related adverse events occurred in 12 patients (37.5%). The most common grade 3 or 4 toxicities included liver function test (LFT) abnormality (9%), abdominal pain (9%), rash (6%), leukopenia (3%), neutropenic fever (3%), anemia (3%), and fatigue (3%). There was no treatment-related death. 
Discussion
The current study is the first to investigate treatment outcomes and safety of regorafenib in Korean patients with CRC who had received all standard therapies. In this study, regorafenib showed promising activity and tolerable toxicities. Although few patients who received regorafenib achieved an objective tumor response, 16 patients (50%) achieved disease-control. Median PFS in these patients was 4.2 months (95% CI, 3.1 to 5.2 months) and median OS was not reached.
Treatment outcomes of regorafenib in Korean patients appear to be consistent or slightly superior to those in the CORRECT trial [14] . The phase III CORRECT trial enrolled patients with refractory CRC who had received all standard therapies. The CORRECT trial did not include any Korean patients. In the regorafenib-treated group, the objective response rate was 1.0% and the disease control rate was 41%, and the median PFS was 1.9 months (95% CI, 1.6 to 3.9 months) and the median OS was 6.4 months (95% CI, 3.6 to 11.8 months). Results of our analysis for tumor response and disease control were similar to those of the CORRECT trial. However, a difference in PFS was observed between the two studies. Some recent small studies have examined cytotoxic chemotherapies in patients with CRC refractory to standard therapy [15] [16] [17] [18] [19] . In this setting, oral FU monotherapy such as capecitabine and S-1 reported was associated with a PFS of 2 months and patients treated with other combination-regimens such as mitomycin plus FU, capecitabine plus gemcitabine, and irinotecan, oxaliplatin plus S-1 showed a PFS of approximately 2 or 3 months. The PFS for regorafenib in the CORRECT trial was similar to those of previous studies. However, the PFS in this analysis is better than that in the CORRECT trial and previous studies. The difference between the PFS in this study and that in other studies might be due to the heterogeneous patient population, small sample size, and retrospective design. In particular, in this study, patient population with previously both bevacizumab and cetuximab (for KRAS wild type) was relatively small as compared to those in the CORRECT trial. The difference in exposure to biologic agents may affect the efficacy and toxicity of regorafenib, multikinase inhibitor.
Palliative chemotherapy in patients with metastatic CRC can improve survival, lessen symptoms, and improve quality of life in patients with unresectable disease. When considering chemotherapy after failure of standard chemotherapy, oncologists must pay attention to the degree and toxicity profile for the intended chemotherapeutic agents. Although there were no treatment-related deaths in this study, grade 3 or 4 treatment-related adverse events occurred in 12 patients (37.5%). LFT abnormality and abdominal pain were observed more frequently in this study as compared to the CORRECT trial. However, rash, hand foot syndrome, and diarrhea were shown with less frequency in this study. A total of 16 among 32 patients (50%) treated with regorafenib experienced an adverse effect leading to dose reduction. In the CORRECT trial, grade 3 or 4 treatment-related adverse events occurred in 207 patients (54%) assigned to the regorafenib group and the dose was reduced in 188 patients (38%) assigned to the regorafenib group [14] . Although there were fewer grade 3 or 4 adverse events among patients treated with regorafenib in our study than in the CORRECT trial, more patients in our study underwent a dose reduction. This finding might be due to our patterns of clinical practice. We obtained significant information regarding the safety of regorafenib from the CORRECT trial before beginning this study. We monitored patients more frequently than indicated in the visiting schedule for the CORRECT trial. Our close and frequent monitoring occurred primarily during the first two cycles of treatment. Early detection and prompt initiation of therapeutic management may enable a reduction in the severity of adverse events. Due to the retrospective nature of this study, we were unable to evaluate quality of life of patients.
Results of this analysis suggest that regorafenib monotherapy could have potential as a new line of therapy in the treatment of refractory CRC in Korean patients. Nevertheless, not all of these patients experienced clinical benefit from regorafenib. To establish the role of regorafenib as a standard palliative treatment, it must be proven that subgroups of patients may experience optimal clinical benefit from treatment with regorafenib. Thus, integrated studies aimed at identification of biomarkers for regorafenib are warranted for personalized medicine, and we plan to conduct a comprehensive genomic analysis to determine the effectiveness of regorafenib using specimens collected for this study.
Conclusion
The current study is the first to investigate treatment outcomes and safety of regorafenib in Korean patients with CRC who had received all standard therapies. In this study, regorafenib showed promising activity and tolerable toxicities.
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